Many rheumatological diagnoses are based on a combination of signs, symptoms, or tests rather than on a single pathognomonic feature. This has motivated the development of criteria for the diagnosis and classification of rheumatic diseases. Many of these criteria have been helpful both in gaining insight into pathogenesis and in improving treatment, and are now widely accepted. A related characteristic of diagnoses of rheumatic syndromes is uncertainty, to which three factors contribute. Firstly, the development from early signs to well defined syndromes is often slow. Secondly, syndromes often overlap. Thirdly, diagnoses may be altered during the course of a disease-for example, when a typical presentation ofpolymyalgia rheumatica develops into classical rheumatoid arthritis. Unfortunately, few existing criteria sets reflect the uncertainty or probability of diagnoses. In the case of rheumatoid arthritis the terms probable and definite or classical disease were actually abandoned in the 1987 criteria.1 The inherent uncertainty and the reliance on combinations of findings make the diagnostic process in rheumatology an interesting area for the application ofmethods from the field ofartificial intelligence. In medicine this scientific discipline is often referred to as computer assisted diagnosis or computer assisted medical decision making. 23 The practical result is called an 'expert system': a computer program that simulates the problem solving behaviour of a human expert. To date four prototypes of rheumatological expert systems have been described.±9 These made use of criteria tables, rules, or fuzzy set theory to produce diagnoses at different levels of confidence.
Here we report another effort. Our primary goal was to calculate the probability of important rheumatic disease states or categories by applying Bayes's rule or 'theorem' to findings from a patient's medical history, physical examinations, and diagnostic tests. We describe here the design of the computer program, our approach to obtaining the information required for the application of Bayes's theorem, and the results of a first evaluation in a test set of patient data. Here, p(D1) is the prior probability of the ith disease and p(s Di) is the probability of signs being present in the ith disease. For computational reasons the program uses the natural logarithms ofthe sensitivities. These are summed and converted to obtain the odds for each disease. The probabilities are then normalised to add to 1 or 100%,* which is indicated by the sign of proportionality.
The second method is a modification described by Spiegelhalter.'2 A modified likelihood ratio or weight, w, is calculated for each answer or symptom (s) as:
where n is the number of cases with the disease (D) or without (D) a particular diagnostic outcome, and r is the number of patients with a particular finding in these groups. To compensate for dependence the weights were multiplied by 0 8. 12 The odds for each diagnosis are based on:
Odds were calculated by adding the weights of all answers to the logarithm of the odds for each disease. The exponents of the sum were then normalised.
In both models the prevalence of the diagnoses in the first 1000 patients was used as prior likelihood p(D).
EVALUATION
To verify the accuracy of the computer predictions a separate computer routine was created to diagnose a sequence of cases and compare the results with the consensus diagnoses that were used as gold standard. Parameters used to measure the performance were:
(1) Percentage of gold standard diagnoses correctly included among the five diagnoses with the highest predicted probabilities. (2) Sensitivity and specificity for gold standard diagnoses, defined as the percentage of definite and possible doctor's diagnoses with a predicted probability of more than or less than 0-2. The effect of variation of this threshold is illustrated by a receiver operating characteristic." (3) Average predicted probability by diagnosis, reported separately for definite and possible gold standard diagnoses and for diagnoses not made by the doctors. (4) Average predicted probability by rank position and by level of probability. This answers the question whether a predicted probability of, for example, [0] [1] [2] [3] [4] [5] [6] [7] [8] (4) where di is the assigned probability of the gold standard, pi is the probability predicted by the model for the ith prediction made by the computer, and n is the number of predictions given by the computer. In our model there were 15 predictions for each case. Q" then can vary from 0 to 1, where 1 is the best possible result. Most patients in this study presented with relatively straightforward problems that could easily be classified by rheumatologists. In less than 5% of the cases the reviewing rheumatologist disagreed with the conclusion made by the doctor who treated the patient. The disagreement mainly concerned the estimated likelihood and in these cases the opinion of a third rheumatologist directed the classification of the gold standard diagnosis. Juvenile rheumatoid arthritis Here the first phase, definition of the problem, may be summarised as follows: our program is aimed primarily at the calculation of the probability of major rheumatic disease categories using Bayes's rule. More or less exact information about probabilities may be of help in diagnosing common rheumatological disorders. This may lead to several practical applications. Firstly, the program may suggest useful questions for anamnesis by comparing the evidential weights of findings. Secondly, it can provide a rational basis for the selection of diagnostic tests by calculating their posterior probability. From the data in table 1 it is clear that a large number of patients are referred with 'non-specific pain'. For most of these patients rheumatological treatment is of limited value. Therefore, thirdly, the number of referrals might be reduced if low probability for serious Table 4 Performance by probability of the computer prediction Regarding the model, for example, in calculating the probabilities there is some question whether these should be normalised so that their sum is 1. Although it is natural to try to explain a set of findings by a single diagnosis, one third of our patients were given more than one. It may therefore be preferable to calculate the probability of each diagnosis independently. The diagnostic accuracy will presumably not deteriorate when the number of questions in the model is reduced. If dependence of findings would be avoided in a smaller list, the results might even improve. We explore this issue in subsequent studies in order to balance statistical and clinical preferences regarding the number of data items.
The knowledge might be refined in various ways. More sophisticated methods of deriving weights that would account for the interdependence of findings and statistical confidence of the sensitivity and specificity may lead to better results. Review of the weights by a rheumatologist would make it possible to incorporate widely accepted definitions, such as the age limit of 16 years for rheumatoid arthritis. We are currently assessing the effect of such changes in the method of calculation and the knowledge by means of the measures of performance described here. The transferability of the system may be evaluated by the same methods with data from other patient groups.
Our study illustrates the use of one form of automated knowledge acquisition. The knowledge used by the program is not obtained directly from human experts, as is the case in most rule based expert systems, but is derived from a set of patients data with gold standard diagnoses made by human experts. Thus, given sufficiently large databases, the methodology may be of use in refining classification criteria or even design truly diagnostic criteria that accurately reflect the likelihood of a disease or a particular diagnostic outcome. 23 24 The use of Bayes's rule or variations of it in a computer program for the differential diagnoses of major rheumatic disease categories is practicable. Such a system may have numerous useful applications. The only proof of its usefulness, however, will be successful implementation in day to day patient care. 
